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Abstract: In order to develop organic light-emitting diodes with improved optical properties, a 
series of phosphorescent complexes exhibiting narrow-band emission spectra are prepared 
and color tuned to emit efficiently across the whole visible spectrum through a judicious 
molecular design. Devices employing a green narrow-band phosphorescent emitter are 
fabricated and demonstrate an internal quantum efficiency of close to unity and impressive 
device operational lifetimes, estimate at over 70,000 hours at a practical luminance of 100 
cd/m2. Additionally a deep blue narrow-band emitter is incorporated into a device setting 
which demonstrates a peak external quantum efficiency of 17.6% and CIE coordinates of 
(0.14, 0.09).  
 
1. Introduction 
Organic electroluminescent (EL) materials have always received a great deal of attention 
from academia and industry since the first report of EL spectra from crystals of anthracene in 
the 1960s.[1] The introduction of new concepts in organic thin film EL devices by Tang et al. 
in 1980s,[2] has led to practical devices which are now available for the consumer electronics. 
Bright and colorful thin film displays based on organic light-emitting devices (OLEDs) are 
quickly becoming the popular choice of displays for high-end smart phones, televisions and 
other mobile devices. Furthermore, white OLEDs with high power efficiency are also 
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considered as strong candidates for next generation illumination devices.[3,4] This technology 
is especially attractive, due to their use of environmentally benign organic materials, which 
are compatible with flexible and robust plastic substrates and their fabrication cost can be 
significantly reduced with potential roll-to-roll processing technology.[5] All of these 
improvements will hold even greater promise for organic electronic devices, enabling them to 
evolve into the main-stream of the electronic industries in the near future. However, most 
organic emissive materials exhibit broad emission, with full-width at half-maximum (FWHM) 
of photoluminescence (PL) spectra typically between 40 and 70 nm. This results in 
unsatisfactory emissive properties for certain optical applications which could hinder the 
further growth of organic electronic devices by compromising the color purities in displays,[6] 
decreasing the outcoupling efficiency in resonant microcavity devices[7] and lowering the 
luminance efficacy rating (LER) of white OLEDs since the broad emission of many red 
emitters extends partially into the deep red and near infra-red range (beyond 650 nm).[6]  
In order to develop organic thin film devices with narrow-band EL spectra, current 
research efforts focus on developing various LEDs using colloidal quantum dots (QDs) as the 
emissive layers. QD-based LEDs have progressed rapidly in the past decade with reported 
device efficiency over 18% for red LEDs[8] and reasonable device operational stability.[9] 
However, blue QD LEDs are still not efficient[10] and there is no clear solution to solve the 
problem of poor interfacial energy barriers between QD emissive layers and organic 
transporting layers. To overcome these inherent problems with QDs, it is desirable to develop 
an organic emitter with a narrow emission spectral bandwidth (or a narrow-band emission). A 
narrow-band emission spectrum can be achieved if the radiative decay process originates either 
from atomic excited states as in lanthanide complexes[11] or from selected rigid dye molecules 
including various organic dyes like  squarilium dyes, e.g. 2,4-bis[4-(diethylamino)-2-
hydroxyphenyl]cycrobutenediylium-1,3-dioxide,[12a,b] and macrocyclic complexes like 
2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphine platinum(II) (PtOEP).[13a] However, previous 
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attempts of exploring such metal complexes have failed to achieve high electron-to-photon 
conversion efficiency due to various reasons, including inefficient energy transfer from organic 
ligand to lanthanide metal ions, poor energy transfer process between host materials and 
lanthanide based emitters, [11] inefficient utilization of electro-generated triplet excitons[12a,b] 
and long-lived triplet lifetime (in the range of 100 µs). [13]  On the other hand, cyclometalated 
Ir[14] and Pt[15] complexes have high luminescent quantum yields and comparatively short 
phosphorescent lifetimes,[16,17] making them ideal emissive dopants in OLEDs,[18] althrough 
they typically exhibit broad emission. Thus, it will be extremely desirable to further develop 
cyclometalated Ir and Pt complexes having small FWHM values with a judicious molecular 
design. In this report, we demonstrate the design and synthesis of a rigid tetradentate platinum 
emitter, PtN1N, with a FWHM value of less than 20 nm (or less than 750 cm-1) and a peak 
electron to photon conversion efficiency of close to unity. Furthermore, devices of PtN1N 
fabricated in a stable device architecture acheived efficiencies as high as 22.1% with an 
estimated device operational lifetime to 70% of initial luminance of nearly 60,000 hrs at 100 
cd/m2 demonstrating that Pt complexes, and this class of materials in particular, are close to 
commercialization. Color tuning of these rigid tetradentate Pt complexes yielded devices with 
efficient narrow-band emission across the visible spectrum and one deep blue narrow-band 
emitter, PtON7-t-Bu demonstrated a peak external quantum efficiency (EQE) of 17.6% with 
CIE coordinates of (0.14, 0.09). 
 
2. Molecular Design and Photophysical Properties 
The shape and spectral bandwidth of the emission and absorption spectra of 
phosphorescent emitters are directly determined by the properties of the ground state and the 
lowest excited state. To achieve narrow bandwidth it is preferred to have a single dominant 
peak which has narrow atomic-like radiative transitions as exemplified in Figure 1a. It is well 
documented that the luminescence from cyclometalated Ir(III) and Pt(II) complexes originates 
  
4 
 
from the lowest triplet excited (T1) state that is a ligand centered charge transfer state (
3LC) 
with metal-to-ligand-charge-transfer characters (1MLCT/3MLCT) mixed in through spin-orbit 
coupling.[16,17] At room temperature most of these complexes exhibit either broad Gaussian-
shape emission, if the T1 state has a majority of 
3MLCT character (Figure 1b), [19] or have an 
emission spectrum with vibronic features, when its T1 state mainly consists of 
3LC characters 
(Figure 1c); [20] neither of which are conducive to narrow-band emission. However, if an 
emitter has a rigid molecular structure with a single dominant vibrational stretch, it will show 
an emission spectrum with more defined vibronic features. Since the intensity of all the 
vibronic progressions affect the overall emission bandwidth, the reduction of the first major 
vibrational transition relative to the dominant emission peak should significantly narrow the 
emission spectrum (Figure 1d). Upon dramatic reduction of the additional vibronic 
progressions, the overall emission spectrum will consist primarily of a single transition. 
Following this proposed molecular design principle, PtN1N was synthesized as a green-
emitting phosphorescent emitter. The chemical structure of PtN1N is illustrated in the inset of 
Figure 2, where the tetradentate cyclometalating ligand is designed to include a rigid ligand 
of pyrazolyl-carbazole (functioning as a lumophore) bonded to pyridyl-carbazole (functioning 
as a non-innocent complimentary ligand). The complimentary ligand needs to be carefully 
selected in order to ensure the primary localization of the T1 state on the designed lumophore 
and minimize the vibronic features of emission spectrum by contributing to more delocalized 
excited state (i.e. more mixing of 1MLCT/3MLCT characters in the T1 state).
 [20] The room 
temperature and 77 K emission spectra of PtN1N and its analogs are shown in Figure 2 and 
their photophysical data are presented in Table 1. Due to the selection of similar lumophores, 
both PtN1pyCl and PtN1(acac) have similar emission spectra at 77K to PtN1N in terms of 
emission energies and vibronic spacing energies of the emission spectra. The room 
temperature and 77 K emission spectra of PtN1ppy, however, are drastically different, which 
indicates a different T1 state for PtN1ppy due to its improper choice of ligands bonded to the 
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desired lumophore and the resulting localization of the T1 state on the Ptppy component. 
For most cyclometalated metal complexes with dominant vibronic transitions, which are most 
likely corresponding to aromatic C-C stretch, the Huang-Rhys factors (SM)
[20a,21] can be 
approximated by the ratio of the first vibronic progression to the dominant emission peak. 
Despite their similar emission energies, PtN1(acac) has a much larger SM value (0.4) than 
those of PtN1N (0.2) and PtN1pyCl (0.3) at low temperature. Such a difference can be 
attributed to the different properties of the T1 states, which are affected by the degree of 
1MLCT characters mixed with 3LC characters and can be related to the selection of 
cyclometalating ligand in the various metal complex systems. Moreover, a larger variation in 
their emission spectra was observed at the room temperature for these three compounds. A 
unusual large difference in the emission energies between the 77K emission spectrum (or the 
room temperature emission spectrum in the doped PMMA film, Figure S12) and the room 
temperature emission spectrum in a solution of dichloromethane was observed for 
PtN1(acac), which can be associated with possible change of the T1 state due to the change of 
molecular geometry in the fluid environment. The exact reason is still under investigation. 
As illustrated in Figure S13, the emission spectrum of PtN1N consists of a dominant 
vibrational transition v0,0 at 491nm and additional transitions v0,1 at 525nm and v0,2 at 
559nm. The low intensity v0,1 and v0,2 transitions are estimated to contribute only 30% and 
less than 10% to the total emission spectrum respectively when integrating the area of each 
transition. Consequently, a narrow bandwidth of FWHM=18nm  (or 741 cm-1) and SM≈0.3 are 
achieved. The low color contamination of the v0,1 and v0,2 transitions thus lead to a high 
color purity emission comparable to that of QDs which typically contain a single gaussian 
band of FWHM ≈ 25-40 nm. [9] In fact, despite the slight color contamination by the 
additional vibronic transitions, the spectral purity is still greater than that of many reported 
QDs, even though the narrow-band phosphorescent emitters and QD do not share the same 
emission mechanism. In addition to its narrow-band emission, the tetradentate Pt complex, 
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PtN1N, also has a higher emission quantum yield ( = 0.81) than its bidentate analog, i.e. 
PtN1(acac) ( = 0.03) and its tridentate analog, i.e. PtN1pyCl ( = 0.03) (Table 1) in a 
solution of CH2Cl2. Furthermore, the PL quantum efficiency of PtN1N in the doped PMMA 
film is experimentally determined to be 0.90±0.05, close to unity. 
3. Electroluminescent Properties of Green OLEDs 
To evaluate the electroluminescent properties of PtN1N, a series of OLEDs were 
fabricated in the device structure: ITO/ PEDOT:PSS/NPD (30 nm)/ TAPC (10nm)/ x% 
PtN1N:26mCPy (25nm)/ PO15 (10nm)/ BmPyPB (30nm)/ LiF (1nm)/ Al (90nm) (Structure 
1), with the dopant concentration ranging from 2-14%.[23] The EL spectra and forward 
viewing external quantum efficiency is plotted versus brightness for these devices in Figure 
3a-d. Similar to the previously reported phosphorescent OLEDs, [3,18] increasing the dopant 
concentration slightly lowers the driving voltage and exhibited a smaller efficiency roll-off as 
a result of improved charge carrier balance. Moreover, increasing high dopant concentration 
maintains high device efficiency and the 14% PtN1N device demonstrated an extremely high 
maximum forward viewing EQE of ext=25.6% at a brightness of 10 cd/cm2, and only 
decreases slightly to ext=25.5% at a high forward viewing luminance of 100 cd/m2. This 
device also gives a maximum forward power efficiency of p=66.5 lm/W and remains at a 
high p=48.5 lm/W at a practical luminance (100 cd/m2) for displays. These efficiencies are 
among the highest reported for OLEDs without any outcoupling enhancement, representing 
an approximately 100% internal quantum efficiency. More importantly, the PtN1N retained 
the impressive narrow-band emission in the device setting resulting in a FWHM value of 18 
nm (or 729 cm-1) for the 2% PtN1N device. Additionally, excimer emission was not observed 
at increased dopant concentrations and the EL spectra of PtN1N devices are not significantly 
broadening with FWHM values only increasing to 22 nm (or 877 cm-1). This absence of 
excimer formation or significant self quenching can be attributed to its non-planar molecular 
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geometry (Figure S14) similar to that reported for previous tetradentate platinum complexes 
PtOO1, PtOO2 and PtOO3 which also showed no excimer formation at elevated 
concentrations. [15a] 
 
4. Operational Lifetime of Green OLEDs 
The stability of PtN1N as a phosphorescent emitter was tested using a known stable 
device structure: ITO/HATCN(10 nm)/ NPD(40 nm)/x% PtN1N:CBP(25 nm)/ BAlq(10 nm)/ 
Alq(40 nm)/ LiF/Al (Structure 2).14j The device efficiency (Figure 4a) drops considerably 
compared to our previously optimized device due to the lack of state-of-the-art stable host and 
blocker materials. Nevertheless, such devices will still provide valuable information on the 
electrochemical stability of PtN1N in a device setting which is a strong indication for the 
potential commercialization of such class of materials. In Figure 4b, the relative luminance 
versus time is plotted for devices operated at a constant current of 20 mA/cm2 which 
corresponds to an initial luminance (L0) in the range of 2200-3700 cd/m
2. It is very 
encouraging to report that the lifetime at 70% initial luminance, LT70, of 6%, 10%, and 20%-
doped PtN1N devices are 46.5 hrs (L0=3658 cd/m
2), 53.5 hours (L0=3495 cd/m
2) and 70 hrs 
(L0=2210 cd/m
2) respectively. This can be translated to a LT70 at 100 cd/m
2 of over 13,000 
hrs for the 20% device, 22,000 hrs for the 10% device, and 21,000 hrs for the 6% device using 
the formula LT(L1)=LT(L0)*(L0/L1)
1.7,[23] which is approaching the requirement for potential 
commercialization at an early stage. This result is comparable to the best reported lifetimes 
for red emitting platinum complexes[24] and is a significant improvement from the previous 
report on blue or green platinum based emitters. [18a] Thus, this molecular design method 
should serve as a major step forward in the development of stable platinum based 
phosphorescent emitters for OLEDs applications. 
 Amongst nearly all reported devices with long operational stabilities, the simultaneous 
achievement of high devices efficiency and long operational lifetime has remained elusive. 
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Since, PtN1N has demonstrated both high efficiencies, in a charge and exciton confining 
structure, and long operational lifetimes, in an electrochemically stable structure, the 
development of a device structure with electrochemically stable materials that also have 
appropriately tuned energy levels and triplet energies will allow this goal to be achieved. 
Firstly, in order to improve the charge balance in the device, the Alq3 layer was replaced with 
tetraphenylene derivative (BPyTP) which contains electron deficient pyridine rings as well as 
a planar structure for close intermolecular hopping for high electron mobility. The CBP host 
material was also replaced with the slightly higher bandgap, mCBP host material. Devices 
were fabricated in the structure: ITO/HATCN(10 nm)/ NPD(40 nm)/10% PtN1N:mCBP(25 
nm)/ BAlq(10 nm)/ BPyTP(40 nm)/ LiF/Al (Structure 3). The performance of these devices 
shown in Figure 5 and Table 2, showed a large improvement in efficiency over the 10% 
PtN1N doped device in Structure 2 peaking at 11.4%. The more balanced structure also 
showed a large improvement in device operational lifetime decaying to 70% of the initial 
luminance (4952cd/m2) at 81hrs for the accelerated driving conditions of 20mA/cm2. This 
corresponds to roughly 1200hrs at 1000cd/m2 and over 60,000hrs at 100cd/m2. The efficiency 
can be further improved by improving the charge and exciton confinement in the EML 
through the addition of the electron blocking layer TrisPCz or the hole blocking layer mCBT 
in the structures: ITO/HATCN(10 nm)/ NPD(40 nm)/TrisPCz (10nm)/10% PtN1N:mCBP(25 
nm)/ BAlq(10 nm)/ BPyTP(40 nm)/ LiF/Al (Structure 4) and  ITO/HATCN(10 nm)/ NPD(40 
nm)/10% PtN1N:mCBP(25 nm)/ mCBT(8 nm)/ BPyTP(40 nm)/ LiF/Al (Structure 5). The 
devices reached peak efficiencies of 16.1% and 14.3% for Structure 4 and Structure 5 
respectively. Structure 4 also had very low efficiency roll off at high brightness with 15.9% 
EQE at 1000 cd/m2. The extrapolated operational lifetimes of both these devices also 
remained very high at around 1400 hrs at 1000 cd/m2 and about 70,000 hrs at 100 cd/m2 
(Table 3). When employing both the EBL and HBL materials in the structure: 
ITO/HATCN(10 nm)/ NPD(40 nm)/TrisPCz (10nm)/10% PtN1N:mCBP(25 nm)/ mCBT(10 
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nm)/ BPyTP(40 nm)/ LiF/Al (Structure 6), The peak efficiency increased to 22.1% and 
remained at 20.3% at 1000cd/m2. However, the LT70 dropped to 39 hours but still 
corresponds to approximately 60,000 hrs at 100cd/m2 since the device was operated at nearly 
7500cd/m2. This is one of the first reports of a blue or green OLEDs employing platinum 
complexes that achieves both high operational stability and high efficiency in the same 
device.  
 
5. Electroluminescent Properties of Blue and Red OLEDs 
Following a similar materials design principle, a series of narrow-band phosphorescent 
emitters were developed with emission colors across the visible spectrum. Although the frame 
of the tetradentate cyclometalated complex structure is maintained, the lumophores were 
modified individually to phenyl methyl-imidizolyl group for blue-emitting PtON7-t-Bu and 
benzo-methyl-imidizolyl carbazolyl group for orange-emitting PtN8ppy. Moreover, in order 
to ensure a narrow-band emission, the components of non-innocent complimentary ligands 
were also modified accordingly to t-butyl-pyridyl carbazole for blue-emitting PtON7-t-Bu and 
phenyl-pyridine for orange-emitting PtN8ppy. The room temperature photoluminescent 
emission spectra and the chemical structures of PtON7-t-Bu and PtN8ppy are presented in 
Figure 6a. The highly saturated colors from our developed narrow-band phosphorescent 
emitters enable us to achieve the color coordinates within proximity to the blue and green 
points in the CIE chromaticity diagram. Moreover, all of the Pt complexes have high quantum 
efficiency in solution (Table 1) and have also demonstrated high device efficiencies of close 
to 20% in the device settings for the deep-blue emitting and orange-emitting devices (Figure 
6b). The CIE coordinates of the PtON7-t-Bu device (0.14,0.09) is very close to the National 
Television Systems Committee (NTCS) standards for blue (0.14,0.08) which is noteworthy 
since few reports have ever demonstrated a CIEy coordinate of  less than 0.1.
[19] Furthermore, 
the high EQE of 17.6% for  the  PtON7-t-Bu  device  is  much  higher  than  any   previously 
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reported deep blue OLED with a CIEy value of less than 0.1.
[25,26] This achievement is 
attributed to the fact that most deep blue emitting OLEDs with such desirable CIE 
coordinates, such as Ir(fppz)2(dfbdp), which achieved 11.7% peak EQE and CIE of (0.155, 
0.106),[25] or Ir(pmb)3, which achieved 5.8% peak EQE and CIE of (0.17, 0.06),
[26] require 
strong emission peaks between 380-450nm due to their broad tails or large sidebands 
extending into the blue-green or green portion of the visible spectrum. Due to the narrow 
emission spectrum of PtON7-t-Bu (Figure 5b), devices can achieve highly desirable color 
without having to dramatically shift the primary emission energy to the UV-Blue or deep-blue 
region. The comparably lower energy emission of PtON7-t-Bu can avoid potential quenching 
by either the host or blocker materials and does not require the use of ultra-high bandgap 
materials. Such advantages are essential for potentially achieving both high efficiencies and 
long operational lifetimes for blue phosphorescent OLEDs.[27] This result highlights the 
benefits and importance of narrow-band emitters to tune the emission to the precise colors 
desired in order to achieve the most efficient and high color purity devices possible. 
 
5. Conclusions 
In summary, we have demonstrated a very efficient organic electrophosphorescent 
device with a FWHM value of EL spectra less than 20 nm (or less than 750 cm-1) and a peak 
electron-to-photon conversion efficiency of close to unity. Such a molecular engineering 
method was applied to prepare a series of narrow-band phosphorescent complexes emitting 
efficiently across the whole visible spectrum. Additionally, our developed emissive materials 
are halogen-free phosphorescent emitters demonstrated impressive device operational 
lifetimes estimated in the range of 15,000 to 30,000 hours at a practical luminance of 100 
cd/m2 and integration with state-of-the-art stable host, blocking, and transporting materials 
should yield even greater device performance and operational lifetimes.[28] Furthermore, a 
deep blue narrow-band emitter had a peak EQE of 17.6% while exhibiting excellent CIE 
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coordinates of (0.14, 0.09), the highest among the few reported deep blue OLEDs which 
achieved a CIEy value of less than 0.1. Continued characterization and development of this 
molecular design route should provide a viable route to develop stable and efficient narrow-
band phosphorescent emitters for commercial displays and lighting applications. 
Experimental 
General Proceedures 
Steady state emission experiments at both 77K and room temperature were performed on a 
Horiba Jobin Yvon FluoroLog-3 spectrometer.  Solution quantum efficiency measurements 
were carried out at room temperature in a solution of dichloromethane which were thoroughly 
bubbled with nitrogen inside of a glove box with an oxygen content less than 1 ppm.  
Solutions of coumarin 47 (coumarin 1, Φ = 0.73) in ethanol were used as a reference.  The 
equation 









rsr
srs
rs
IA
IA
2
2


  was used to calculate the quantum yields where s denotes the 
sample, r the coumarin reference, Φ the quantum yield, η the refractive index, A the 
absorbance, and I the integrated area of the emission band. Phosphorescence lifetime 
measurements were performed on the same spectrometer with a time correlated single photon 
counting method using a LED excitation source. The absolute PL quantum efficiency 
measurements of doped PMMA film were carried out on a Hamamatsu C9920 system 
equipped with a xenon lamp, integrating sphere and a model C10027 photonic multi-channel 
analyzer. NMR spectra were recorded on 400 or 500 MHz Varian Liquid-State NMR 
instruments. Mass spectra were recorded on Voyager DE-STR MALDI-TOF mass 
spectrometer from Applied Biosystems. The Microanalysis Laboratory at Shanghai Institute 
of Organic Chemistry performed the elemental analysis. 
Materials 
The materials used have acronyms as follows. PEDOT:PSS: poly(3,4-ethylene-
dioxythiophene) poly(styrenesulfonate). HATCN: 1,4,5,8,9,11-hexaazatriphenylene-
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hexacarbonitrile. NPD: N,N′-diphenyl-N,N′-bis(1-naphthyl)-1,1′-biphenyl-4,4″-
diamine. TAPC: di-(4-N,N-ditolyl-amino-phenyl) cyclohexane. 26mCPy: 2,6-bis(N-
carbazolyl) pyridine. DPPS: diphenyl-bis[4-(pyridin-3-yl)phenyl]silane. BmPyPB: 1,3-bis[3, 
5-di(pyridin-3-yl)phenyl]benzene. PO15: 2,8-bis(diphenylphosphoryl)-dibenzothiophene.  
TrisPCz: 9,9,9-triphenyl-9H,9H,9H-3,3:63-tercarbazole. mCBP: 3,3-di(9H-carbazol-9-
yl)biphenyl. mCDBT: 9,9-(2,8-dibenzothiophenediyl)bis-9H-carbazole. BPyTP: 2,7-di(2,2-
bipyridin-5-yl)triphenylene. CBP: 4,4’-bis(N-carbazolyl) biphenyl. BAlq: bis(2-methyl-8-
quinolinolato) (biphenyl-4-olato)aluminum. Alq: tris-(8-hydroxyquinoline) aluminum. 
Device Fabrication 
Devices were fabricated on ITO coated glass substrates. PEDOT:PSS was filtered 
through a 0.2 μm filter and spin-coated on the precleaned substrates, giving a 40-50 nm thick 
film. All other materials were deposited in a glove-box hosted vacuum deposition system at a 
pressure of 10-7 torr. I-V-L characteristics were taken with a Keithley 2400 Source Meter and 
a Newport 818 Si photodiode inside a nitrogen-filled glove-box. Individual devices had areas 
of 0.04 cm2. Electroluminescence (EL) spectra were taken using the Jobin Yvon Fluorolog-3 
spectrometer. 
The layer sequence for OLEDs containing PtN1N of various concentrations are as 
below: ITO/ PEDOT:PSS/NPD (30 nm)/ TAPC (10nm)/ x% PtN1N:26mCPy (25nm)/ PO15 
(10nm)/ BmPyPB (30nm)/ LiF (1nm)/ Al (90nm) (Structure 1) where x is either 2%, 7%, or 
14% dopant concentration by mass. For the stability devices 5 different structures were used. 
Structure 2: ITO/HATCN (10 nm)/NPD (40 nm)/x% PtN1N: CBP (25 nm)/ BAlq (10 
nm)/Alq (30 nm)/LiF/Al where x is either 6%, 10% or 20% dopant concentration. Structure 3: 
ITO/HATCN (10 nm)/NPD (40 nm)/10% PtN1N: mCBP (25 nm)/ BAlq (10 nm)/BPyTP (40 
nm)/LiF/Al. Structure 4: ITO/HATCN (10 nm)/NPD (40 nm)/TrisPCz (10 nm)/10% PtN1N: 
mCBP (25 nm)/ BAlq (10 nm)/BPyTP (40 nm)/LiF/Al. Structure 5: ITO/HATCN (10 
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nm)/NPD (40 nm)/10% PtN1N: mCBP (25 nm)/ mCDBT (8 nm)/BPyTP (40 nm)/LiF/Al.  
Structure 6: ITO/HATCN (10 nm)/NPD (40 nm)/TrisPCz (10 nm)/10% PtN1N: mCBP (25 
nm)/ mCDBT (8 nm)/BPyTP (40 nm)/LiF/Al. For devices employing the various emitters 
across the visible spectrum the following structure was used:  ITO/ HATCN (10 nm)/NPD (40 
nm)/ TAPC (10nm)/ x% dopant:26mCPy (25nm)/ DPPS (10nm)/ BmPyPB (40nm)/ LiF 
(1nm)/ Al (90nm) (Structure 7) where the dopant is either PtN1N, PtON7-t-Bu, or PtN8ppy. 
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Figure 1. (a) Sharp-line emission spectrum for atoms at low pressure in the vapor phase; (b) 
Broadband emission spectrum for certain rigid molecules; (c) Structureless broadband 
emission spectrum for normal organic molecules in solvents; (d) Narrowband emission 
spectrum for certain rigid molecules with small Huang-Rys factors. 
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Figure 2. The emission spectra and chemical structures (inset) for (a) PtN1N, (b) PtN1pyCl, 
(c) PtN1(acac) and (d) PtN1ppy in a solution of CH2Cl2 at room temperature (solid line) and 
in a solution of 2-methyl-THF at 77 K (dot line). 
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Figure 3. Plots of electroluminescent spectra (a-c) and (d) plots of EQE vs. brightness for the 
devices in Structure 1: ITO/PEDOT:PSS/NPD/ TAPC/x% PtN1N:26mCPy/PO15/BmPyPB/ 
LiF/Al, where x = 2, 7, 14. 
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Figure 4. Plots of (a) external quantum efficiency vs. current density and (b) luminance vs. 
operational time at constant current of 20 mA/cm2 for the devices in Structure 2: 
ITO/HATCN/NPD/x% PtN1N:CBP/BAlq/Alq3/LiF/Al, where x = 6% (circles), 10% 
(triangles), or 20 % (squares). The initial brightness of devices at 20 mA/cm2 are presented in 
the inset. 
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Figure 5. Plots of (a) external quantum efficiency vs. current density and (b) luminance vs. 
operational time at constant current of 20 mA/cm2 for the devices of PtN1N in the following 
structures: Structure 3: ITO/HATCN/NPD/10% PtN1N:CBP/BAlq/BPyTP/LiF/Al, Structure 
4: ITO/HATCN/NPD/TrisPCz/10% PtN1N:CBP/BAlq/BPyTP/LiF/Al, Structure 5: 
ITO/HATCN/NPD/10% PtN1N:CBP/mCBT/BPyTP/LiF/Al, Structure 6: 
ITO/HATCN/NPD/TrisPCz/10% PtN1N:CBP/mCBT/BPyTP/LiF/Al, The initial brightness of 
devices at 20 mA/cm2 are presented in the inset. 
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Figure 6. (a) Emission spectra of PtON7-t-Bu, PtN1N and PtN8ppy in a solution of CH2Cl2 at 
room temperature with the corresponding chemical structures inset. (b) Plots of EQE vs. 
brightness c) electroluminescent spectra and d) CIE coordinates for PtON7-t-Bu, PtN1N and 
PtN8ppy in Structure 7: ITO/HATCN/NPD/TAPC/emitter:26mCPy/DPPS/ BmPyPB/LiF/Al. 
 
Table 1.  Photophysical properties of PtN1N and its analogues in a solution of CH2Cl2 at 
room temperature and in a solution of 2-methyl-THF at 77 K, where the FWHM values of 
room temperature emission spectra are determined in both units of wavelength and 
wavenumber. 
Complex 
Emission at RT 
Emission at 
77K 
λmax 
(nm) 
FWHM 
(nm/cm-1) 
Φ 
(%) 
τ 
(μs) 
λmax 
(nm) 
τ 
(μs) 
PtN1N 491 18 / 741 81 12.9 484 14.4 
PtN1(acac) 516 75 / 2619 3 9.9 464 74.5 
PtN1pyCl 482 18 / 772 3 2.3 478 52.4 
PtN1ppy 544 68 / 2265 13 1.4 524 5.9 
PtON7-t-Bu 446 20 / 997 83 6.6 439 8.2 
PtN8ppy 573 26 / 850 40 3.4 564 7.7 
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Table 2. A summary of device characteristics at peak value and 100 cd/m2 for the devices 
with two different structures. Structure 1: PEDOT:PSS/NPD/TAPC/x% PtN1N: 
26mCPy/PO15/BmPyPB/LiF/Al. Structure 7: ITO/HATCN/NPD/TAPC/x% emitter:26mCPy 
/DPPS/BmPyPB/LiF/Al. 
EML 
λmax 
(nm) 
FWHM 
(nm) 
CIE 
ηEQE ηA ηP 
peak @ 100 
cd/m2 
peak @ 100 
cd/m2 
peak @ 100 
cd/m2 
2% PtN1N (1) 496 18 (0.13,0.55) 23.5 21.7 59.1 54.7 50.3 42.9 
7% PtN1N (1) 498 20 (0.15,0.56) 26.1 25.8 68.7 67.7 61.7 56.3 
14% PtN1N (1) 498 22 (0.15,0.58) 25.6 25.5 70.5 70.2 67.3 61.1 
8% PtN1N (7) 498 22 (0.14,0.60) 25.1 21.9 69.3 60.7 66.5 48.5 
6% PtON7-t-Bu (7) 450 28 (0.14,0.09) 17.6 10.7 15.2 9.3 14.4 5.3 
2% PtN8ppy (7) 576 28 (0.53,0.47) 19.3 16.0 60.4 50.2 48.3 29.1 
 
 
 
 
 
 
 
 
Table 3. Summary of device performance and operational stability at constant current of 20 
mA/cm2 of PtN1N devices in the structures of: Structure 2: ITO/HATCN/NPD/x% 
PtN1N:CBP/BAlq/Alq3/LiF/Al, where x = 6%, 10%, or 20 %, Structure 3: 
ITO/HATCN/NPD/10% PtN1N:CBP/BAlq/BPyTP/LiF/Al, Structure 4: 
ITO/HATCN/NPD/TrisPCz/10% PtN1N:CBP/BAlq/BPyTP/LiF/Al, Structure 5: 
ITO/HATCN/NPD/10% PtN1N:CBP/mCBT/BPyTP/LiF/Al, Structure 6: 
ITO/HATCN/NPD/TrisPCz/10% PtN1N:CBP/mCBT/BPyTP/LiF/Al. 
Structure 
PtN1N 
Conc. (%) 
ηEQE 
L0 (cd/m2) 
LT70 (Hrs.) 
peak @ 1000cd/m2 @ L0 @1000cd/m2 @100cd/m2 
2 6 10.0 8.8 3658 47 426 21361 
2 10 7.4 7.3 3495 54 453 22712 
2 20 4.0 4.0 2210 70 270 13507 
3 10 11.4 10.7 4952 81 1229 61604 
4 10 16.1 15.9 7410 46 1385 69414 
5 10 14.3 11.8 4766 101 1436 71975 
6 10 22.1 20.3 7482 39 1194 59827 
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Phosphorescent complexes exhibiting narrow-band emission spectra were prepared and color 
tuned to emit efficiently across the whole visible spectrum. Devices employing a green 
narrow-band phosphorescent emitter were fabricated and demonstrated an EQE of 22.1% and 
maintained an impressive estimated LT70 of approximately 60,000 hrs at 100cd/m
2. A deep 
blue narrow-band emitter was incorporated into a device setting which demonstrated a peak 
EQE of 17.6% and CIE coordinates of (0.14, 0.09). 
 
 
